In this paper we critically discuss the recent paper gr-qc/0412001 by Ciufolini about the impact of the secular variationsJ ℓ of the even zonal harmonic coefficients of the Newtonian multipolar expansion of the terrestrial gravitational field on the performed tests aimed at the detection of the post-Newtonian gravitomagnetic Lense-Thirring effect in the gravitational field of the Earth with the LAGEOS satellites. While the post-Newtonian Lense-Thirring and the Newtonian precessions due to J ℓ are linear features, the effect ofJ ℓ is quadratic. It turns out that their impact on the proposed measurement has been evaluated by using forJ 4 a pair of values which are, by construction, correlated with the Lense-Thirring effect itself. In particular, the linear combination of the nodes of the LAGEOS satellites suitably designed for measuring the relativistic effect independently of the Earth's quadrupole mass moment coefficient J 2 , has also been used for measuring the secular rate of the Earth's octupolar mass momentJ 4 , which, instead, is correlated with the gravitomagnetic signature in the adopted combination. Then, it seems that the so obtainedJ 4 has been used in order to re-analyze the same data and measure the slope of the Lense-Thirring signal. Such value has subsequently been compared to that retrieved by using forJ 4 a value obtained from multiyear laser-ranging data set to the existing geodetic satellites and that, consequently, retains an a priori 'imprint' of the Lense-Thirring effect itself as well.
Introduction
The following combination 1 of the orbital residuals of the rates of the longitudes of the ascending node Ω of the existing Satellite Laser Ranged (SLR) satellites LAGEOS and LAGEOS II δΩ LAGEOS + c 1 δΩ LAGEOS II ∼ µ48.2, c 1 = 0.546,
explicitly proposed in [2, 3] for measuring the post-Newtonian gravitomagnetic Lense-Thirring effect [4] in the terrestrial gravitational field, has recently been adopted in tests with real data performed by Ciufolini and Pavlis [5] over an observational time span of almost 11 years by using the 2nd generation GRACE-only Earth gravity model EIGEN-GRACE02S [6] released by the GeoForschungsZentrum (GFZ), Potsdam. The General Theory of Relativity (GTR) predicts for the combination of eq.(1) a linear trend with a slope of 48.2 milliarcseconds per year (mas yr −1 ). µ is a scaling parameter which is 1 in GTR and 0 in the Newtonian mechanics. Eq.(1) allows to cancel out all the static and time-dependent contributions of the first even zonal harmonic coefficient J 2 of the multipolar expansion of the Earth gravitational potential which represents one of the major sources of systematic error. Indeed, the even zonal harmonics of the geopotential induces secular precessions on the node of an Earth's artificial satellite whose nominal magnitudes are much larger than the gravitomagnetic effect of interest. The same holds also for their mismodelled parts. The reliability of the claimed total accuracy of such test has raised some controversies [7, 8] . One of the major objections is represented by the impact of the secular variations of the even zonal harmonicsJ 4 ,J 6 whose temporal signature is parabolic.
The Ciufolini's arguments about the secular rates of the even zonal harmonics
This issue has been recently discussed, in some details, by Ciufolini in [8] .
According to Section 3 of [8] , it seems that the impact ofJ 4 andJ 6 on the test performed with eq.(1) would have been evaluated as follows
• The time series of the combined residuals of the nodes of LAGEOS and LAGEOS II of eq. (1), built up without the even zonal rates in the background reference model for the Earth gravity field, has been fitted with some harmonic signals, a linear trend and a parabolic signal from which aJ eff 4 ∼ 1.5 × 10 −11 yr −1 has been determined. Then, the so obtainedJ eff 4 would have been inserted in the dynamical force models knowledge of the Earth's gravitational field from the dedicated GRACE mission has been put forth, for the first time, in [1] , although without quantitative details.
of the orbital processor in order to re-analyze the same data yielding a certain value of µ which we conventionally define as µJeff 4 .
• The time series of the combined residuals of the nodes of LAGEOS and LAGEOS II of eq. (1), built up with the default value of the even zonal rateJ 4 = 1.41 × 10 −11 yr −1 in the EIGEN-GRACE02S model, has been fitted, again, with some harmonic signals, a linear trend and a parabolic signal yielding a certain value of µ which we conventionally define as µJdefault 4 .
• The so obtained values µJeff 
Some possible criticisms
The valueJ eff 4 ∼ 1.5 × 10 −11 yr −1 measured with the combination of eq.(1) is affected not only byJ 6 and the other higher degree even zonal harmonics but, more importantly, by the Lense-Thirring signature itself. Indeed, the combination of eq.(1) is designed in order to only disentangle J 2 and the Lense-Thirring effect. So, it is not admissible to use the so obtainedJ eff 4 , which is coupled by construction to the Lense-Thirring effect, in order to reliably and correctly measure the Lense-Thirring effect itself. It should also be noted that in the EIGEN-GRACE02S model the secular variations of the even zonal harmonics have not been solved for:J 2 andJ 4 have been held fixed to some reference default values 2 obtained from multiyear SLR tracking to the fleet of existing geodetic satellites. This means that, apart from the fact that the recovered values of J ℓ in EIGEN-GRACE02S retain an a priori 'imprint' from theJ ℓ so that the errors induced by such two classes of parameters should be linearly added, such default values forJ ℓ are also affected by the Lense-Thirring effect itself. Then, also the measurement performed with the a prioriJ 4 = 1.41 × 10 −11 yr −1 in the background reference model should have been affected by this 'memory' effect by the Lense-Thirring signature. A combination suitably designed, by construction, in order to measure J 4 independently of J 2 , J 6 and GTR has been proposed 2J 6 has not been included.
in [9] . For other criticisms, like the a priori 'memory' effect of GTR on the retrieved even zonal harmonics in the GRACE-based models we refer to [7] .
4 Some suggestions to improve the reliability and the robustness of the discussed test
• The values ofJ ℓ to be used in the dynamical force models of the orbital processors should have been determined in a Lense-Thirring-free fashion in order to avoid 'imprinting' effects on the outcome of the analysis. Indeed, they could easily drive it just towards the expected result. In regard to this point, suitably designed linear combinations of the residuals of some orbital elements of the existing SLR satellites could be used in order to disentangle, e.g., J 2 , J 4 , J 6 and the gravitomagnetic force
• For a given observational time span and a given background reference Earth gravity model, two time series of the combined residuals, built up with and without the aforementionedJ ℓ GTR-free values in the background reference models, should be analyzed The difference between the so obtained µ parameters can, then, be evaluated
• The aforementioned procedure should be repeated for various observational time spans in order to have a more robust assessment of the importance of the secular variations of the even zonal harmonics in the proposed measurement. Indeed, their systematic error on the LenseThirring effect, evaluated as the ratio of the quadratic shift due toJ ℓ to the linear shift due to the gravitomagnetic force, grows linearly
• The aforementioned procedures should be repeated for various Earth gravity models in order to have a scatter plot
